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ABSTRACT 
Higher efficiencies (reduced KWH consump-
tion) and lower noise levels are the two 
most sought after features of household 
refrigerator and freezer compressors the 
world over. 
This paper discusses a method by which the 
suction muffler system of a reciprocating 
compressor is modified to improve the 
compressor's efficiency and noise level by 
reducing suction gas temperature. 
With low side shell, hermetic compressors, 
it is very difficult to move the suction 
gas into the cylinder from outside the 
compressor shell without a very signifi-
cant increase in suction gas temperature. 
Further, when we think about the problems 
of mass production of high efficiency 
compressors with suction gas heat separa-
tion, there are many other problems to be 
solved involving reliability, noise levels 
and manufacturing techniques. 
This new suction gas muffler system 
increases compressor efficiency by 
reducing suction gas temperature. Its 
operating characteristics offer reliabili-
ty, lower noise levels,_ and the design 
lends itself to mass production manufac-
turing techniques. 
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1. Suction Gas Superheat and Its Influ-









Initially, we will explain the effect 
of the suction gas superheat with R-12. 
Figure l shows the pressure-enthalpy 
diagram at suction gas temperature 
T1 and T2 (T1< T2). 






























Fig. 1. Pressure-Enthalpy Diagram 
1-1. Specific Volume 
The theoretical value "G" of mass flow 
(Kg/H) is expressed with the following 
equation: 
G "" 60 X N X VD v ( 1) 
Therefore, if the mass flow G1, is at 
T1 , then G2 is at T2 . 
(2) 
Refrigerant capacity Ql and Q2 
(K cal/hr) is in direct proportion to 
G. 
Then the refrigerant capacity is 
inversely proportional to the 
specific volume (m3/Kg). 
( 3) 
The specific volume can be obtained 
by using the R.C. Downing formula. 
v - bo = 
5 
RT + V-bo ~ P -p~L 




The relationship between specific 
volumes and temperatures T at a 
suction pressure of 1.33 Kg/cm2 is 
shown in Figure 2. 
(4) 
We can see an improvement of about 3% 
in the specific volume with a 1o0c 














330 340 350 360 370 360 390 400 410 420 
TEMPERATURE C "Kl 
Fig. 2. Specific Volume versus 
Suction Gas Temperature 
1-2. Work of Compression 
The work of compression W is usually 
expressed using the polytropic expo-
nent "n". n-1 
___!!___ X Ps · D X l(Pd) --n W (KW) n-1 6120 Ps 
We can see that the polytropic expo-
nent "n" is significantly affected 
by temperature variations. 
If we consider the case when the 
adiabatic exponent "K" is used as the 
polytropic exponent, then the rela-
tionship between adiabatic exponent 
"K", temperature and pressure is 
shown in Figure 3. 
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Using the adiabatic exponent curv1 at a 
high-side pressure of 13.73 kg/em~ and 
a low-side pressure of 1.33 kg/em~ .. 
The adiabatic exponent "K" varies 3.9% 
in a process of constant entro~y corn-
pression (from Ps = 1.33 kg/em , T1 = 
3630K to Pd = 13.73 kg/cm2, T2 = 413°K). 
K varies 0.18% with a reduction of 
about l0°C suction gas temperature at a 
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Fig. 3. 
Adiabatic Exponent with Gas Temperature 
In addition, the polytropic exponent 
"n" and the adiabatic exponent "K" 
are generally expressed as: 
1 ~ n< K 
K's variation (fluctuation) by tempera-
ture is similar to the variation of 
the polytropic exponent. 
Using Formula 5, we can consider the 
work.of compression Wl and w2 at suct1on gas temperatures T1 and T2. 
The ratio of W1/W2 compared to the 
adiabatic exponent "K" (which is 
similar to the polytropic exponent's 
variation) is shown in Figure 4. 
In Figure 4, w1;w2 closely approximates K's variation (wh1ch is approximately 
n's variation). 
"n" has a variation of about 0.18% with 
a 10°C decrease in the suction gas 
temperature. 
Therefore, we can estimate that w1;w2 is about 0.20%. 
As mentioned earlier, this confirms 
that the theoretical work of compressor 
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Fig. 4. Work of Compression Ratio 
with Adiabatic Exponent. 
(Ko = 1.119) 
l-3. Efficiency 
Compressor efficiency varies in 
direct proportion to specific vol-
ume value improvements as long as 
changes in motor winding temperature 
and oil temperature (caused by de-
creasing suction gas temperature) are 
not significant. 
If efficiencies corresponding to 
T1 and T2 are El and E2: 
We must, however, be very careful 
when the specific volume value is 
improved. 
(6) 
While Figure 5 shows that as the 
specific volume value improves, (the 
unit figure actually decreases) there 
is actually a reduction in the capac-
ity ratio which is accelerated as the 
piston-bore clearance increases. 
Therefore, unless we pay particular 
attention to th~ mechanical design 
in the shape of port, amount of 
valve lift and the clearance between 
the piston and cylinder wall, the 
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Fig. 5. Capacity (%) With 
Piston-'lb-Bore Clearance 
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2. New Suction System 
Therefore, a decrease in the suction 
gas temperature will increase com-
Pressor capacity and will also in-
crease compressor efficiencies. 
However, with a low side shell, 
hermetic refrigeration compressor, 
there are many other important fac-
tors to be considered including high 
volume production manufacturing 
techniaues, reliability improvement, 
noise reduction, etc. 
Figures 6 and 7 illustrate our new 
plastic muffler system which is sepa-
rated from the cylinder. 













*SUCTION MUFFLER SYSTEMS 
Fig. 6. Component Placement of 
"D" Type Compressor 
Fig. 7. Appearance of New "D" Type 
Compressor Showing Plastic Muffler 
With this new design, we have ob-
tained a 14°C reduction in decreas-
ing the suction gas temperatures and 
a 20% reduction of suction pressur~ 
loss. 
The resulting improvements in com-
pressor performance are: 










We will now describe this new suc-
tion system in more detail. 











































the muffler inlet. 
Two (2) diag-
holes on the 
baffle. 
Acts as an oil/ 
liquid separatoL 
2-2. Temperature Characteristics 
Figures 8 and 9 show the temperature 
characteristics under standard con-
ditions for both our current "F" 
type compressor and our newly de-
veloped "D" type compressor with the 
improvements mentioned in this papeL 
Figure 10 shows the temperature 
characteristics during cycle opera-
tions for both the F type and D type 
(which have the same refrigerant 
capacity at 32°C ambient). 
We see a l6°C decrease in the
0 suction gas temperature and 7 C 
decrease in the discharge gas tem-
perature with the D type as compared 
to the F type. 
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While the motor winding temperature 
increases about 2°C in the D type, 
it does not affect motor performance. 
2-3. Liquid Refrigerant and Oil Return 
Careful attention must be paid to 
avoid the return of liquid refriger-
ant and refrigerant oil directly into 
the cylinder. 
2-4. 
Experimental test results showing 
liquid refrigerant, oil, and gas 
flow back to the compressor are 
shown in Figures ll, 12, and 13. 
Refrigerant liquid and oil from the 
suction tube cannot enter directly 
into the cylinder because of the 
muffler design. The baffle acts as 
an oil seParator and the muffler 
itself ac'ts as an oil and lubricant 
accumulator. Particles or impurities 
are collected at the bottom (right 
side) of the muffler because of the 
gas flow path and the muffler then 
traps these foreign particles. 
These design features have been 
verified by life test. 
Noise 
The flashing back of gas into this 
new suction muffler system can 
increase sound levels at low frequen-
cies especially the resonance fre-
quency of 500 Hz. 
However, the sound level in this 
area is controlled by varying the 
clearance between the suction muf-
fler inlet and the suction tube, 
which is shown in Figure 14. 
Also, since this baffle increases 
the suction resistance, it tends to 
reduce suction gas noise. 
2-5. Pulsation of the Suction Line 
The pulsation of the suction line is 
shown in Figure 15. 
It increases slightly using the new 
suction muffler (D type). This 
pulsation difference is so small, 
however, that it can be ignored. 
If it were to be a problem, it could 
be solved by a redesign of the 
suction line. 
3. Conclusion 
We have achieved a 6 - 10% improve-
ment in compressor efficiency with 
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Fig. 8. Suction Gas Path of the "F" Type Compressor 
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9. Temperature Measurements 
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Fig. 10. Time Versus Temperature 
Curves of "D" Type Versus "F" Type 
Figures 12 (~bove) ~nd 13 (below) , 
Cross Section Views of New Suction Muffler 
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Fig. 11. Detail of New Suction 
Muffler Used in "D" Type Compressor 
Fig. 15. Ti~e Versus Pulsation Level 
of "D" Type Versus "F" Ty9e 
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Temperature (°K) 3 
Specific Volume (m /kg) 
Enthalpy (kcal/kg) 
Mass Flow (kg/H~ 
Displacement (m /rev) 
Revolution per minute (RPM) 
Refrigerant Capacity (kcal/H) 
Polytropic Exponent 
Adiabatic Exponent 2 
Discharge Pressure (kg2m abs) 
Suction Pressure (kg/m abs) 3 
Suction Volume per minute (m /min) 




1. "Thermophysical Properties of Refrig-
erants," Japan Association of Refrig-
eration 
2. Shengemi Nagatomo, "Internal Temper-
atures, Influence on Reciprocating 
Compressor Performance," Japan Associ-
ation of Refrigeration, Vol. 57 No. 651, 
p. 13. 
228 
